PCT^rffiP WORLD INTELLECTUAL PROPERTY ORGANIZjMW 

International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(51) International Patent Classification 7 ; 
H04B 1/38 



Al 



(11) International Publication Number: WO 00/65731 

(43) International Publication Date: 2 November 2000 (02. 1 1 .00) 



(21) International Application Number: PCT/IL00/00236 

(22) International Filing Date: 23 April 2000 (23.04.00) 



(30) Priority Data: 

PCT/IL99/00214 



22 April 1999 (22.04.99) 



IL 



(71) Applicant (for all designated States except US): NETLINE 
COMMUNICATIONS TECHNOLOGIES (NCT) LTD. 
[IIVIL]; 2 Kaufman Street, 68012 Tel-Aviv (IL). 

(71)(72) Applicants and Inventors: TE-ENI, Ben [ILflL]; 
Ir-Shemesh Street 53A, 69086 Tel-Aviv (IL). ISRAELI, 
Gil [IL/IL]; Hagefen Street 38, 99797 Karme-Yosef (IL). 

(74) Common Representative: ISRAELI, Gil; Hagefen Street 38, 
99797 Karme-Yosef (IL). 



(81) Designated States: AE, AG, AL, AM, AT, AU. AZ, BA, BB, 
BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM 
DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, 
UA, UG, US, UZ, VN, YU, ZA, ZW, AR1PO patent (GH, 
GM, KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD AND SYSTEM FOR PROVIDING LOCATION SPECIFIC SERVICES TO MOBILE STATIONS 




(57) Abstract 

A proxy base station (202) is disclosed. The proxy base station (202) receives a valid network broadcast channel, modifies various 
information elements thereof and retransmits the modified channel to mobile stations (MS2) in a defined area (203). Uplink transmissions 
of mobile stations (MS2) are treated similarly. Further means for network management, capturing and using information provided through 
the invention are discloses. 



BEST AVAILABLE COPY 



m # 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Centra] African Republic 


JP 


Japan 


ne 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/6573 



- 1 - 

Method and system for providing location specific services to mobile stations 

FIELD OF THE INVENTION 

5 The present invention relates generally to mobile telephone systems. More 
particularly, the present invention relates to a method for providing location 
specific services to mobile stations. 

BACKGROUND OF THE INVENTION 

10 

The anticipated convergence between the worlds of Internet and wireless personal 
communications requires more accurate location of mobile users on the go. 
Various methods are being utilized in order to locate mobile stations (MS) within 
the serving area of the mobile telephone network. 

15 

The most widely implemented location method extracts the cell ID, which is 
registered in any given moment as the serving base station of a given mobile 
station. Mobile networks keep track of their subscribers' location at any given 
time. The Global System for Mobiles (GSM), which is a widely accepted system, 

20 uses a process called location update (LU) for mobile stations to inform the 

network of their whereabouts. An MS performs LU on several occasions such as 
when it moves from one location area to another. A location area is defined as a 
group of base stations defined by the network to be part of a given location area, 
each of them transmitting the same location area identity code (LAI). Mobile 

25 stations also perform LU periodically in accordance with the definition broadcast 
on the control channel by the network. 

By monitoring and logging the location updates carried out by mobile stations, the 
network can provide external applications highly usable information to enable 
30 location specific services. This way, the application can determine that a given 

subscriber is located within the serving area of a certain cell site. It is also possible 
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to monitor and log the exact antenna sector, by which the location update has been 
received, thereby enhancing the location accuracy. 

GSM handsets supporting the SIM Application Toolkit standard (STK), may run 
local applications on the Subscriber Identity Module (SIM), which is triggered by 
a change of location area. 

Various other positioning technologies enable network operators to locate their 
mobile users more accurately than cell site resolution. Most location systems 
require either additional infrastructure on the network side or modified mobile 
stations. Location technologies based exclusively on additional equipment on the 
network side are typically based on signal Time of Arrival (TO A) or Angle of 
Arrival (AOA). Network based solutions apply to all existing handsets but require 
large investments in additional infrastructure. Other technologies require 
modification or replacement of handsets in order to support location functions. 
These include solutions based on the Global Positioning System (GPS) and 
Enhanced Observed Time Difference (E-OTD). Handset modification is a lengthy 
and costly process for network operators. 

Moreover, most of the location technologies mentioned above perform poorly 
indoors due to physical constraints and cannot reliably determine the exact 
location of a mobile station when inside a given indoor environment. Some 
applications require conclusive knowledge whether or not the subscriber is inside 
a given place or not. The inability of prior art technology to provide such accurate 
pinpoint positioning renders some applications commercially unviable. 

The present invention discloses a cost-effective method for determining the 
location of mobile stations when located within defined locations thereby enabling 
the provision of location specific services. 
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SUMMARY OF THE INVENTION 

The present invention provides a method and system for providing location 
specific services for mobile stations. The disclosed method and system is a proxy 
5 base station that relays signals coming to/from the network side through a proxy 
device with respect to a defined location. The proxy device may alter any of the 
signals exchanged between the mobile stations and the network. 

In accordance with one embodiment of the present invention certain modifications 
10 are applied to signals exchanged between the network and mobile stations, thereby 
enabling accurate location of said mobile stations. 

In accordance with another embodiment of the present invention, by monitoring 
and logging the messages exchanged between locally monitored mobile stations 
15 and the network, various services may be offered based on said messages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Some embodiments of the present invention will be better understood and some of 
20 its numerous objects and advantages will become more apparent to those skilled in 
the art by reference to the following drawings, in conjunction with the 
accompanying specification, in which: 

FIG. 1 is an illustrative diagram describing a typical cellular system 
25 composed of 7 cell sites, each having a base station incorporating a transceiver. 

FIG. 2 is a functional diagram illustrating the system of the present 
invention as part of the mobile telephone network. 



30 



FIG. 3 is a block diagram illustrating the various components of the 
present invention. 
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FIG. 4 is a functional diagram illustrating a hierarchical scheme of location 
service area within another one. 

5 DETAILED DESCRIPTION 

FIG. 1 illustrates a basic cellular system having 7 hexagonal cells numbered 1-7. 
Cell 7 is shown in the center, surrounded by adjacent cells 1-6. The serving area of 
a mobile telephone system would typically contain more than 7 cells, however, for 
10 ease 

of reference, only 7 cells are shown in FIG. 1 . Each cell 1-7 contains a base station 
including a transmitter, receiver and base station controller as are well known in 
the art. The base station transmitter/receiver is connected to an antenna tower 1 1 - 
1 7 which is used to transmit signals to, and receive signals from, mobile 

15 telephones, within the mobile telephone system serving area. In FIG. 1 the base 
stations antenna towers 1 1 -1 7 are selected to be located at the center of each of the 
cells 1-7, respectively and are equipped with Omni-directional antennas. However, 
in other configurations of a cellular radio system, the base station towers 11-17 
may be located near the periphery, or otherwise away from the center of the cells 

20 1-7 and may illuminate the cells 1-7 with radio signals either Omni-directionally 
or directionally. Therefore, the representation of the cellular radio system of FIG. 
1 is for purposes of illustration only and is not intended as a limitation on the 
possible implementations of a mobile radio communications system within which 
an indoor position is defined for the purpose of locating subscribers and providing 

25 location oriented services. A regulated area 1 0 is located within cell 7, and a 

plurality of mobile stations being used across the entire serving area within cells 
1-7. Again, only one defined location is shown in FIG. 1 , but it should be 
understood that the actual number of defined locations may be larger, in practice. 

30 Referring now to FIG.2, within the serving area of a given base station 201 a 

typical defined location is defined by installing the system of the present invention 
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202. The transmission of device 202 is calibrated so as to effectively cover the 
area around it 203. Calibration may include transmission power and directional 
antenna. Within the serving area of base station 201 various mobile stations are 
being served in accordance with the frequency allocation of said base station. 
5 Whereas the broadcast control channel (BCCH) transmitted by base station 201 is 
received as the strongest channel by all mobile stations within said geographical 
area, mobile stations typically camp on said BCCH channel while in idle mode. 
Mobile stations that require the establishment of communications with the 
network do so on the reverse access channel (RACH) corresponding to the said 
10 BCCH. Upon typical establishment of communication with the network, a 

dedicated channel is assigned to the mobile station. Said dedicated channel may be 
a traffic channel (TCH) or a dedicated control channel (SDCCH). 

In one embodiment of the present invention, device 202 transmits a local BCCH 1 
15 channel, which is a modified version of the BCCH transmitted by base station 

201. Mobile station 204, which is located within area 203, receives BCCH' as the 
strongest serving broadcast channel and therefore camp on it. Other mobile 
stations such as MS 205, which are located outside the coverage area of device 

202, will regularly camp on the original BCCH transmitted from base station 201. 
20 Mobile station 204, while camping on channel BCCH', will access the network by 

transmitting on channel RACH', which is the reverse duplex channel of BCCH 1 . In 
the representative embodiment, channel BCCH' typically contains all the 
information transmitted by the network on the original BCCH channel, except 
modified information elements. Device 202 may alter, replace, modify, monitor 

25 and log each and every message exchanged between mobile station 204 and the 
network. It should be understood that the term BCCH refers to all logical channels 
mapped onto the physical channel containing BCCH information. Such physical 
channel may contain the BCCH, CCCH, SDCCH and S ACCH (as defined in ETSI 
Technical Specification GSM 05.02). Upon initiating or receiving a call, the 

30 network assigns a traffic channel (TCH) on which the conversation is to be held. 
Since mobile station 204 camps on channel BCCH 1 , which contains the same 
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channel assignment information as in the original BCCH, mobile station will be 
assigned with a traffic channel that will allow direct communication with base 
station 201, which is the serving cell in that area. Device 202 may incorporate 
means for maintaining mobile station synchronization with the network as result 
5 of the time difference between the signals originating from base station 201 and 
those transmitted by device 202. 

In one embodiment of the present invention, the BCCH' channel transmitted by 
device 202 contains a different location area identifier (LAI) than the LAI 

10 transmitted on the original BCCH. Upon the entry of mobile station 204 into 
coverage area 203 where channel BCCH' is the strongest broadcast channel, MS 
204 will initiate a location update procedure with the network through the RACH'. 
Device 202 receives the location update request (LUR) originated by mobile 
station 204 and retransmits it on the original network RACH. The LUR may be 

15 modified by device 202 in order to make sure that the forced LUR appears to the 
network as a regular periodic location update. 

In another embodiment of the present invention, channel BCCH' may include the 
same LAI transmitted on the original BCCH channel, however the timer value for 
20 periodic location updating (e.g., T32 1 2) may be modified so as to trigger a 
location update before the expiry of the timer value broadcast on the original 
BCCH transmitted by the network. 

While camped on BCCH', mobile station 204 performs neighboring cell 
25 measurements and maintains a list of neighbor cells and their received signal 
strength measurements (BA list). The BA list maintained by mobile station 204 
includes the original BCCH as one of the strongest neighboring cells. Device 204 
may optionally transmit another phantom BCCH (PH-BCCH) with a unique base 
station identity code (BSIC). Upon entering into dedicated mode for the purpose 
30 of location update, mobile station 204 reports the measured BA list to the 

network. By analyzing the contents of the BA list, the network is able to determine 
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that mobile station 204 is located within area 203. The disclosed method and 
system uses the network signaling in order to achieve accurate location of mobile 
stations. There is no need for any additional reporting method in order to update 
the network with respect to mobile stations location. 

5 

It should be understood that although the BCCH' channel transmitted by device 
202 typically uses an RF channel different than the one used by the original BCCH 
channel transmitted by the network, in cases where the isolation between the 
signals is sufficient, they may actually share the same frequency. 

10 

The invention demonstrates a clear advantage over prior-art location techniques by 
introducing the concept of relative logical location. In many applications, it is 
sufficient to determine that mobile users are located within a certain contextual 
environment (e.g., mobile stations are inside a theater of a given cinema chain). It 
1 5 may be irrelevant to know which exact cinema hall or even address but extremely 
important to know that the mobile station is located inside the theater and not in 
the street outside of it. 

FIG. 3 is a typical block diagram illustrating one embodiment of device 202. 

20 Referring now to FIG. 3, base station 301 transmits its broadcast information on 
BCCH, which is received by antenna 303 and fed into RX module 304. The entire 
device is controlled by micro-controller 302. RX module decodes the contents of 
the physical channel on which BCCH is transmitted and transfers a bit stream to 
real-time processor (RTP) 305. RTP 305 effectuates any required modification of 

25 the BCCH bit stream (e.g., a new LAI or timer T3212 value) and transfers the 

modified bit stream to TX module 306. TX module 306 transmits the modified bit 
stream on channel BCCH' via antenna 307. Mobile station 308 camps on channel 
BCCH' and accesses the network via channel RACH', which is received by RX 
module 310 through antenna 309. RTP 31 1 processes the bit stream output of RX 

30 module 3 1 0 and modifies it, if required (e.g., old LAI, unique network 

measurement result reporting). TX module 312 retransmits the modified RACH' 
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information on the original network RACH through antenna 313. MS 315 is used 
to provide network management features to the device by connecting it to micro- 
controller 302. The latter may communicate with the network via SMS and 
receive neighbor cell measurements from MS 315. Phantom BCCH generator 316 
5 optionally generates a dummy BCCH channel having a unique BSIC that is 
transmitted by TX module 3 1 7 via antenna 3 1 8 on channel PH-BCCH. Micro- 
controller 302 determines the transmission power of PH-BCCH so as to be 
included in the BA list measured by mobile station 308. Alternatively, RTP 31 1 
may modify the network measurement reports of mobile stations so as to 
10 incorporate a uniquely identifiable combination of measurement results that will 
notify the network where the location update came from (e.g.. location device ID 
number). 

In yet another embodiment of the present invention, real-time processor 305 may 
15 also modify the bit stream of the original network BCCH and replace the original 
network broadcast with a locally generated short messaging cell broadcast 
message (SMS-CB). Mobile stations entering the coverage area of device 202 will 
display locally generated SMS cell broadcast messages. Such messages may also 
be used for triggering STK applications on mobile stations located therein. 

In still another embodiment of the present invention real-time processor 305 may 
include and external interface that enables monitoring of exchanged messages by 
an external host application. 

Device 202 referred to in FIG. 2 may be combined with a repeater device in order 
to improve radio coverage within the coverage area thereof. Repeater devices are 
often used within indoors locations where mobile radio coverage is sometimes 
insufficient. When installing a repeater device, the entire downlink frequency band 
is received, amplified and retransmitted indoors. The uplink frequency band is 
received within the indoor location and retransmitted outside. The combination of 
the location device with a coverage enhancement repeater reduces the overall cost 



WO 00/6573 



WO 00/6573 




PCT/ILOO/00236 



-9- 

of manufacturing and installation, thereby increasing the overall value from said 
combined repeater/location device. 

The present invention also enables to form a hierarchy of location service areas 
5 whereby a small location area is defined within a larger one. FIG. 4 illustrates an 
area covered by base station 401 . Within said area, a location device 402 
illuminates area 403 wherein another location device 404 illuminates location area 
405, which is defined within location area 403. The illustrated system tracks 
mobile station 406 while moving between the different coverage areas. 



In another embodiment, a cellular base-station signaling device transmits a local 
BCCH channel having system information of the real network, however with a 
different LAI. Said signaling channel is received as the strongest serving cell 
within a given area. Upon entry of mobile stations into said area, a location update 

15 is attempted on the RACH corresponding to the said locally generated BCCH. The 
signaling device receives the location update request and returns a rejection 
message. Upon receiving the reject message, the mobile station performs cell 
reselection procedure and camps on the next suitable cell. The signaling device 
reports back to the network or to a dedicated location server the identity of the 

20 mobile station attempting to register. 



10 
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Claims: 

1. A proxy base station comprising: 

5 Means for receiving a valid network downlink channel comprising control 
information and conversion thereof into bit stream; and 

Means for real-time processing of said downlink bit stream to enable modification 
of said bit stream; and 

10 

Means for retransmission of modified bit stream over a locally generated channel 
within a given area; and 

Means for receiving an uplink channel used by mobile stations within said given 
1 5 area and conversion thereof into bit stream; and 

Means for real-time processing of said uplink bit stream to enable modification 
thereof; and 

20 Means for retransmission of said modified uplink bit stream on the network uplink 
channel. 

2. The system of claim 1, further comprising means for wireless remote network 
management. 

25 

3. The system of claim 1, further comprising means for generating a phantom 
cellular broadcast channel and transmission thereof. 



4. The system of claim 1, wherein said locally generated downlink channel 
30 includes a modified Location Area Information. 
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5. The system of claim 1, wherein said locally generated downlink channel 
includes a modified timer value for periodic location update. 

6. The system of claim 1, wherein said locally generated downlink channel 
5 includes a locally generated SMS cell broadcast messages. 

7. The system of claim 1, further comprising means for maintaining local mobile 
station synchronization to network. 

10 8. The system of claim 1 , wherein said modification of uplink channel includes 
altered network measurement reporting. 

9. The system of claim 1 , further comprising a coverage enhancement repeater 
device. 

15 

10. The system of claim 1, further comprising means for monitoring network 
messages respective to transmissions on said modified uplink channel for 
determination of mobile stations location. 

20 11. The system of claim 1 , wherein said locally generated downlink and uplink 
channels are transmitted on the same RF channels used by the network. 

12. The system of claim 1 , further comprising means for external monitoring and 
logging of messages exchanged between the network and mobile stations. 



13. A method of using the system of claim 1 in a hierarchical manner wherein a 
smaller location service is defined within a larger one. 



25 



30 



14. A method for locating mobile stations within a given area, said method 
comprising the steps of: 
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causing mobile stations entering said area to initiate a location update procedure; 
and 

rejecting said location update request; and 

reporting said location update attempt to a location server. 

15. The method of claim 14, wherein causing location update is implemented by 
transmission of a phantom base station broadcast channel having a different LAI. 
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FIG. 2 
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